The "balance of nature" metaphor has been used to explain the functioning of natural systems from ancient times and continues to be invoked in popular culture, in spite of controversy regarding its use in the scientific community. We demonstrate that undergraduate students in the United States believe this term is descriptive of real ecological systems, and continue to do so after instruction in ecological science. A content analysis of students' definitions of the "balance of nature" and its causes varied widely with multiple, often contradictory, interpretations. A second survey confirmed that the range of definitions generated by students was representative of the larger educated population. Common responses included population regulation, species interactions, absence of disturbance and Nature. We speculate that the lack of a fixed meaning for the balance of nature term could lead to problems in education, public policy, and the transmission of ecological concepts to the general public.
Introduction
The idea that there is a balance in nature is part of most worldviews (Egerton, 1973) . The "balance of nature" has been used to explain the functioning of natural systems from ancient times and continues to be invoked in popular culture (Cuddington, 2001) . Moreover, the balance of nature metaphor has been, and continues to be, influential in the scientific community despite debate over the utility of this metaphor for the advancement of ecological science (Cooper, 2001; Cuddington, 2001; Pickett, Kolasa and Jones, 1994; Pimm, 1991; Wu and Loucks, 1995) . At the same time, the "balance of nature" metaphor has been strongly criticized as being unproductively vague, value-laden and not representative of ecological systems in most of its incarnations (Cuddington, 2001; Hastings et al., 1993; Pimm, 1991; Wu and Loucks, 1995) . The present study is the first step in a larger project aimed at documenting the prevalence of the idea that natural systems conform to a "balance," and assessing the effect of this "balance of nature" assumption on individuals' understanding of the functioning of real ecological systems. In brief, the main goals of this study were to determine how university students define the "balance of nature" and whether they believe the "balance of nature" metaphor refers to a real scientific phenomenon. 1 
History of the "balance of nature" metaphor
The notion of a "balance" in nature predates the existence of ecology as a scientific discipline and was a central idea for the emerging science (Cuddington, 2001) . Balance of nature (BON) ideas emerged from religious assumptions of a divinely determined stability in natural systems. Prior to Darwin, nature was viewed as interconnected in such a way as to preserve an order that was preordained by a divine power. For example, Cicero (1938) claimed the persistence of species in the face of adversity expressed the wisdom and benevolence of the creator. The "balance of nature" metaphor was first reinterpreted in a Darwinian context by Herbert Spencer. Spencer reasoned that the preservations of races implied a stable equilibrium between destructive and conservative forces (Kingsland, 1985) . Even without reference to a divine force or creator, nature is imbued with the ability to operate in such a way as to strike a balance between disparate forces. Forbes (1887) , an influential founding member of the new science of ecology, explicitly advanced the idea of BON as a "beneficent order" which was promoted by the process of natural selection through competition and predation.
At present, however, the application of balance of nature ideas to ecological systems has become more controversial. Cuddington (2001) argued that even though the BON idea has historical roots that are religious and cultural, this metaphor continues to play a role in modern ecology and in political movements such as environmentalism. She demonstrates that the BON metaphor is not a pre-theoretic description of a more precisely defined notion of "equilibrium" or "mathematical equilibrium." That is, there still exists the assumption that nature has appropriate states to which it should return, and these states are perceived as the "natural" outcome even if their occurrence would contradict either theoretical predictions or existing data on predator-prey dynamics. For example, it is often assumed that predators "control" herbivores, rather than eradicate species, regardless of situation. The assumption that such species extinctions never occur is contrary to both data and theoretical models. It has been noted that "balance of nature" is vague, and congruent with many different interpretations (e.g., Pimm, 1991) . It has also been suggested that many systems exist in a "non-equilibrium" state (Hastings et al., 1993; Stringham, Krueger and Thomas, 2001) . Therefore, there is no consensus within ecological science regarding the utility of "balance" ideas. BON continues to operate as a foundational metaphor in ecology even though it has been argued that the more appropriate metaphor should be a "flux of nature" (e.g., Pickett et al., 1994) .
Implications of the BON metaphor for education and policy
All metaphors, to some degree, lack a precise definition (e.g., Boyd, 1993; Derrida, 1978) . Because of this imprecision, metaphors may convey unintended meanings (or multiple layers of meaning) during the process of communication (e.g., in educational contexts or policy debate contexts). In the case of the BON metaphor, it is possible for a speaker or writer to convey historical, religious, or cultural meanings that are unintended. What are the implications of unintended or multiple meanings of the BON metaphor for the public understanding of science in general, and for educational transmission of, and policy discussions about, ecological concepts in particular?
Previous researchers have demonstrated that cultural conceptions may inhibit learning currently accepted scientific explanations in a number of domains (e.g., Groves and Pugh, 2002; McCloskey, 1983; Miller and Bartsch, 1997) . With respect to ecology, Grotzer and Basca (2003) have suggested that the learning of ecological concepts may be hindered by students' assumptions about the nature of causality and with well-documented difficulties in reasoning about "systems." Analogously, simple assumptions about nature being imbued with restorative properties, self-regulated stability, appropriate and inappropriate states, or conversely delicate and easily disturbed conditions as well as other unintended cultural, religious or historical meanings of BON could potentially hinder the learning of ecosystem concepts across the curriculum.
A related concern is that the BON representation of natural systems may prevent the dissemination of scientific concepts to a public audience, and therefore affect policy and behavior in significant ways. In particular, public policy decisions made based on assumptions about orderliness and predictability in natural systems may have disastrous consequences. Previous case studies demonstrate that simple balance of nature assumptions guided conservation decisions with outcomes that were neither predictable nor orderly (Cuddington, 2001) . If a non-scientific interpretation of how natural systems work is used by, for example, park and fisheries managers, conservationists, lobbyists, policymakers or those affiliated with environmental movements, then the outcomes of these policy decisions may be unexpected at best.
Moreover, because the balance of nature has been concurrently described as both "delicate" and "robust," this metaphor could be used by those arguing both sides of a policy issue. Similarly, a potential for circular reasoning exists: if nature appears as it "ought to," then the system is balanced; if not, then the balance has been disrupted. That is, when the phrase "balance of nature" is used in public discourse it may have the simultaneous effect of (a) conveying the impression that participants are communicating about a well-established scientific concept, and (b) disguising the fact that the participants are using totally different definitions and connotations of the term. Or, it may be that regardless of the controversy in the scientific community, the general public has a reasonably singular and well-understood definition of this phrase. In either case, data that document this understanding will also be valuable for formulating public policy and educational materials (e.g., should one use the phrase "balance of nature" or "flux of nature" in educational materials?).
Exploring students' definitions of the "balance of nature"
In the present study, we explore students' definitions of the "balance of nature" metaphor to ascertain if multiple connotations of this phrase exist, or if there is a single and fairly wellunderstood definition of this phrase. We do not consider this to be a typical exploration of "misconceptions." Many phenomena have been documented to be the subject of robust misconceptions (e.g., impetus theory, Lamarckian ideas of genetic transmission).
2 The BON metaphor, in contrast, is not a "true scientific concept" because it is not precisely defined within the scientific community. Therefore, unlike other examples of misconceptions, the BON metaphor has little consensus among ecologists about its definition (unlike the examples of genetic transmission or physical forces).
The goal of the present study was to document what students believe the "balance of nature" metaphor to mean and to determine whether they relate it to the functioning of real ecological systems. We addressed the following set of questions: (a) do students believe that the "balance of nature" metaphor applies to ecological systems?; (b) what do students believe is meant by the phrase "balance of nature"?; (c) what do students believe causes the balance of nature? Are causes described as mechanistic or non-mechanistic?; (d) are there differences in the way science and non-science majors describe the balance of nature?; and (e) do science students describe the BON metaphor differently before and after instruction in ecology? The goal was not to compare students' responses to some "ideal" definition, but to determine how this phrase is defined by a sample of the educated public.
Study 1: method

Participants
Undergraduate students enrolled in an introductory ecology course at a large Midwestern university in the United States volunteered to complete a questionnaire. Questionnaires were administered on the first day of class (n = 84) and again on the last day of class (n = 67). Students had 2.7 years (sd = 1.0) of university-level instruction and a mean age of 21.0 years (sd = 3.4). Ninety-four percent were science majors (58 percent in the biological sciences). A comparison group of students enrolled in a psychology course (n = 59) was used to represent the average university student. This group had 2.8 years (sd = 1.0) of university-level instruction and a mean age of 21.3 years (sd = 3.5). A variety of majors were represented, but the majority were in the social sciences.
Questionnaire
The questionnaire consisted of 16 items (14 forced-choice and two open-ended questions). The present study will focus on five of these items. Students were told that we were interested in people's beliefs about ecological systems, and to answer in a way most consistent with their beliefs. An example of an ecological system was provided: For the purposes of this survey, we define an ecological system as the set of interacting species in a given area, together with their physical environment. For example, a lake, and the fish, plants and invertebrates in it, would be an ecological system. The open-ended questions required students to write responses to (a) "What is meant by the balance of nature?" and (b) "What causes the balance of nature?" The questions requiring a written response were purposely left as open as possible so as to not bias the responses of the participants and reduce demand characteristics (Orne, 1962) . For example, students could define it as a state or a process, as delicate or robust, as preordained or as a natural process, etc., without feeling the need to define it in a particular way.
Coding open-ended responses
A coding scheme was developed to categorize the written responses to the open-ended questions (i.e., "What is meant by the balance of nature?" and "What causes the balance of nature?"). All responses were transcribed (responses ranged between 1 and 6 sentences). The coding followed the general procedures and heuristics of content analysis (Smith, 2000) . Coding categories were created in a largely data-driven manner. For the first pass through responses, particular keywords (e.g., equilibrium, stability) and phrases (e.g., food chain, interaction of species) were recorded. Although words and phrases are the smallest element of the text that could be coded (i.e., rather than, for example, themes evident across an entire paragraph) words/phrases were selected as the coding unit because they require the least amount of subjective judgment.
During a second pass, categories of responses were further refined or collapsed if they were synonymous (e.g., stable, stability, stable state) or conceptually related. For example, references to food, shelter, water and resources were collapsed into Resources. The same procedure was employed for causes. A first pass enumerated all keywords and phrases, then a second pass combined synonymous or conceptually related terms (e.g., references to evolution, survival of the fittest and natural selection were collapsed into Darwinian Mechanisms). An additional categorization was done to label causes as either Mechanistic or Non-mechanistic. Mechanistic causes were defined as those in which a specific physical or biological process was mentioned (e.g., biotic-abiotic interaction). Students' responses were then categorized as consistent with one or more of the codes for their description of, and causes for, the BON.
Study 1: results and discussion
The results will be organized around the first three research questions outlined above. Differences between science and non-science majors and between pre-and post-ecology instruction are interspersed within these sections, when appropriate. Results are largely descriptive, although when appropriate, inferential statistics are reported.
Do students believe that nature achieves a "balance"?
To answer this question, we examined the pattern of response across three forced-choice items that directly address the balance of nature (BON): (a) Ecological systems [usually, sometimes, rarely] To be coded as having a strong belief in BON, students needed to answer at least two of the three questions as "usually" (see Table 1 ). To be coded as a skeptic, at least two of three answers had to be "rarely." Students with two or more "sometimes" responses were coded as having a moderate belief. If there is no cultural bias in favor of the balance of nature concept, then we would expect an equal number of individuals in each category; however, the pattern of responses reflects a tendency to strongly believe in the BON (χ 2 = 18.29, p < .0001). There was no significant effect of ecology instruction on the inclination to believe in the BON (Z = -0.17, p = 0.87).
How do non-science students define the "balance of nature"?
Considering the responses from the non-science majors (see Table 2 ), the most common code was "other" (40 percent), for which responses were too vague to fit a specific category. Sample student responses include: "Balance of nature is when the needs of a being are satisfied" and "This is where the physical environment wants to be … when the environment is balancing out nature." Despite the vagueness of these replies, the majority of "other" responses referred to cooperative, self-sustaining survival: "It is where everything in the ecological system can function and live properly among nature"; "Where man and nature work together in a balance of harmony"; or "Where each species is thriving and doing what they're supposed to be doing … no one species is dominating." Examples of anthropomorphism were often evident in responses: " [BON] is when the ecosystem and all its members work as a living organism that is self-sustaining" and " [BON] means that every living thing plays its part, and in its own way helps the other living things around it. In turn it is helped by other living things." Such responses are indicative that vestiges of anthropomorphic beliefs developed in childhood may be sustained into adulthood (e.g., Piaget, 1951; Tamir and Zohar, 1991) .
Zimmerman and Cuddington: Balance of nature 397 Almost a quarter of non-science majors referred to population control or regulation (e.g., "The point at which all species populations in the ecosystem are at a steady state (e.g., birth rate & death rates about equal)" and "The point in the ecological system where things are right (i.e., Population)"). Evident in most responses was the idea that there is one particular point or state at which there is a balance (analogous to the fulcrum of a physical balance scale). Ten percent of non-science majors mentioned the availability or lack of resources and 9 percent mentioned the food chain (e.g., "There is enough food for each level of the food chain and all species are able to coexist with the amount of resources available. There is a proper food chain"). Only 7 percent explicitly mentioned the absence of extinctions (e.g., "When nothing is extinct. When there are enough predators and prey without extinction"). The overall pattern of responses by the non-science students demonstrates that cultural ideas about balance are evident in their definitions. In particular, a common belief is that nature works to maintain a proper population of predators and prey, whose members graciously cooperate to ensure that every species is capable of surviving. This is nicely illustrated by the following student definition: "A 'balance of nature' is when everything in nature is in order. There would be the right population of each species and the 'circle of life' would be constant."
How do science students define the "balance of nature"?
Among the definitions provided by science majors (Table 2) , half thought that BON refers to population control or regulation. Interestingly, science students mentioned populations in a way that was both static and dynamic (i.e., both as a state and as a process). Like the non-science students, some science students mentioned an ideal point or population number (e.g., "Population size of different species remains constant"; "A balance of nature means that all organisms living in a certain area have reached a point where the population size is approximately constant"). Other science students acknowledged there may be fluctuations in population size, but there is some ideal to which the system will return (e.g., "I think [BON] means that an ecological system is functioning like the organisms are reproducing and dying in a ratio that is kept pretty stable"). Some responses were consistent with historical religious beliefs (e.g., "The total population of all animals on earth is constant. Species can have population growth or decrease with time, but no species would [go] extinct"). Fewer students mentioned populations after instruction in ecology, although such ideas may have been subsumed in responses coded as a "stable state" (referred to by a quarter of the students, and the third most common response at post-instruction). Approximately a third of the science students mentioned species interactions before and after instruction in ecology (e.g., "The [BON] is the interaction of different species"; "A [BON] is when predators and prey coexist in an environment and interact with each other in a balanced fashion"). Almost a quarter of the students initially mentioned the availability or lack of resources (e.g., "When species balance themselves out to a limit on natural resources"; "There is adequate food and shelter"; "Resources are being made and used in an equilibrium amount"). Although fewer students mentioned resources post-instruction, references to biotic-abiotic interactions were more common. Very few non-science students explicitly mentioned species interactions.
The absence of disturbance was mentioned by 20 percent of science students before and after instruction (e.g., "A [BON] is meant as the various populations making up a community being able to operate harmoniously and to their natural potential because unnatural disturbances are not affecting them"; "The number of species is almost set in an ecosystem in the absence of environmental and human disturbances"). The continued mention of an absence of disturbance post-instruction seems unusual, because even an introductory ecology course would cover the idea that weather and climate are constantly changing and so disturbance is a common component of most ecosystems.
Prior to instruction, 20 percent of science students defined BON, somewhat synonymously, as an equilibrium (e.g., "The [BON] can be described as a quality in nature that allows equilibrium in an environment; the [BON] stabilizes environments after interferences and disturbances from man or nature"; "[BON] means a sort of equilibrium point, where species are at a stable point. Human activities and environmental disturbances push the community away from stable equilibrium, but this point of equilibrium will be reached again"). After instruction, equilibrium was the most common definition. Science students may have equated balance of nature to the mathematical concept of equilibrium, which is often covered in the introduction to predator-prey models.
Consistent with historical religious connotations of BON, 14 percent of students mentioned no extinctions (e.g., "Balance of nature is when a community of organisms functions and live together without the extinction of any given species within"; "A [BON] is one in which there is no over-dominant species that would succeed in killing off another species"). Unexpectedly, science students were more likely to mention the absence of extinction than non-science students.
Although the sophistication of responses from pre-to post-instruction was not explicitly coded for, differences in vocabulary were evident. For example, at pretest one student wrote: "The BON is the cooperation of all the different species between themselves and the surrounding environment. When these factors all contribute to a 'common good', a balance has been reached." On the last day of class, the same student wrote: "The BON is a state of an ecological system in which species interact/compete and by doing so they help one another either directly or indirectly. This contributes to a balance in the community so that every species can serve its function." Perhaps more illustrative of a change in vocabulary, the student who wrote "The [BON] is when an environment is capable of keeping certain species alive … The life and death cycles between the species in the environment coexist in a way that one group depends on the other for survival" wrote the following after a semester of ecology instruction:
The [BON] is when the environment is in a state of equilibrium. This occurs through cycles such as water, nitrogen and through a balance in the food chain among species. No two species can occupy the same niche and in the event that this occurs one species will go extinct disrupting the balance. The balance can be disrupted by extinction or introduction of new species into an area. The area reaches a homoeostasis based on the needs of the species present.
In general, science students were more likely to use biological terms such as biotic, abiotic, niche selection, niche diversity, succession, and nutrient cycling. Although they were armed with a more sophisticated vocabulary, it is not entirely clear whether the historical, cultural or religious connotations of the BON metaphor have been replaced by a more sophisticated understanding of the workings of ecological systems. The previous quotation illustrates many of the historical connotations of BON, even though the vocabulary reflects more modern ecological concepts. The issue of teasing apart changes in vocabulary from changes in understanding is an empirical question requiring further research.
Although there were fewer "skeptics" after instruction in ecology, only one student questioned the validity of the BON metaphor: "I believe that such a term can be discarded because there can never be a 'balance in nature.' There is always disturbance, fluctuations that prevent it from happening."
What do students believe causes the "balance of nature"?
Twenty-two distinct causes could initially be coded, but these were further categorized into the conceptual categories shown in Table 3 . Causes were then classified as either mechanistic or non-mechanistic. Mechanistic causes include reference to some specific physical or biological process. Non-mechanistic causes did not appeal to such processes. For example, "Absence of disturbance" was coded as a non-mechanistic explanation because of the implication that balance is inherent to the system under constant conditions, and there is no particular process mentioned. Appealing to "nature" (or "Mother Nature") was considered circular and therefore non-mechanistic.
Most students' responses included more than one cause, so the individual's most sophisticated response was coded as mechanistic or non-mechanistic. For example, if a student mentioned three non-mechanistic causes and one mechanistic cause, they were given credit for having supplied a mechanistic response to provide a conservative estimate of the prevalence of mechanistic interpretations. Sample student responses, ranging in sophistication, include: "The balance of nature is a condition that naturally establishes itself when a system is allowed to exist"; "The cause of equilibrium is the species interacting with each other, and hence having control over population sizes and other factors of the community, keeping it in a stable state"; and "Balance of nature is caused by habitat and niche selection among organisms and the competition, predators, and other relationships between them."
Prior to instruction, 60 percent of the science majors (n = 67) provided mechanistic causes, compared to 40 percent of non-science majors (n = 59). Thus, science students were more likely to offer a mechanistic explanation (χ 2 = 8.0, p < .005). Ecology instruction, however, did not significantly increase the tendency to offer a mechanistic explanation (60 percent versus 71 percent for pre-and post-instruction, respectively; p > .05).
The three most common responses for the cause of the BON are presented in Table 4 for non-science and science majors (prior to instruction) along with the most common definitions for BON. Three things are evident from these data. First, both science and non-science students appealed to non-mechanistic causes when considering how a "balance" might come about in natural systems. Such beliefs are important to ascertain because students may come to the biology or ecology classroom (at any level of instruction) with the belief that certain processes in nature "just happen" or that they happen "naturally" (e.g., Smith and Anderson, 1986; Wood-Robinson, 1995) .
Second, it is interesting that a sizeable minority of students described "Nature" as the cause of the "balance of nature," even if it is a simple metaphor. This kind of circular reasoning may indicate an incomplete understanding of the nature of causality in natural systems (Grotzer and Basca, 2003) . Third, an interesting pattern emerged when students' definitions and causes of the BON were compared (Table 4) . For both groups, there is evidence that the phenomenon (i.e., BON) and the cause of that phenomenon were described in the same way. That is, there is circularity in the BON being described as the cooperation of species and caused by the cooperation of species. Twenty out of 59 of the non-science students (34 percent) and 14 of 67 science majors (21 percent) used the same descriptors in their definitions of BON and their description of the cause of BON. For example, as a definition, one non-science student wrote: "All species which inhabit the system function together to survive" and for the cause of BON wrote "Species and nature working together." Some students have either no explanation, or an incomplete explanation, for how a "balance" in nature might be maintained even though such an idea seems to be a part of their belief systems. Cultural references to BON frequently cite that it is "delicate" and "easily upset" (e.g., Scott, 1995) and at the same time, the balance of nature metaphor implies, or even demands, that there is a "balanced state" to which the system should return in the case of an "upsetting" event and therefore a certain amount of robustness must be part of this metaphor. Given the complexity of a metaphor that carries multiple connotations, it is likely Note: "Absence of disturbance'' was coded as a non-mechanistic explanation because of the implication that balance is inherent to the system under constant conditions. Balance of Nature?
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Absence of disturbance (27%) Availability of Cooperation among resources (10%) species (21%) that some individuals believe that BON is the usual state of natural systems, rather than a model of how natural systems operate. On the basis of these data, it seems that for some individuals, the BON metaphor is a shorthand for how nature works, and for others, it is a shorthand for nature itself. Accordingly, predictions about the effect of various events (e.g., human disturbance, invasive species) may not be derived from a causal model (Grotzer and Basca, 2003) , but rather from a definition of nature (i.e., as either robust or delicate). This assertion, however, requires further empirical work to verify. In summary, the data from the first survey provided evidence that college students may believe that the balance of nature is descriptive of real ecological systems. Although students' responses support this assertion, there was no single overriding definition that was common among the science or non-science students. That is, a single denotative sense of the phrase was not apparent, only multiple connotations. The versatility of usage this metaphor has had historically and culturally is reflected in the variety of student responses. An unexpected and interesting finding was that students described both the balance of nature and its cause in very similar ways. This conflation of cause and effect relationships has been reported for students' understanding of other environmental issues, such as global warming and ozone depletion (Groves and Pugh, 2002) .
Study 2: follow-up survey
As a follow up to the original exploratory study, we conducted a survey with a large sample of undergraduate students representing a variety of majors (social sciences, education, science and science education majors). This second survey allowed us to determine if the definitions and causes provided by the initial test group are representative of the larger population (i.e., the larger population of university-educated adults). In this case, students were asked to select from a list of definitions and causes generated by participants from the first study.
Participants and methodology
Based on responses from the first study, lists of frequently reported definitions and causes were created. A questionnaire was administered to a large group of undergraduate students (n = 321) at a large Midwestern university. The mean age was 20.5 years (sd = 4.3) and students had 2.4 years (sd = .95) of university-level instruction. Participants were asked to select which two choices most closely matched what they thought represented (a) the meaning and (b) the cause of the "balance of nature." In both cases, nine definitions or nine causes were presented, along with "other" as response choices.
Results and discussion
The definitions selected by participants are shown in Table 5 . Because two choices were required, the values in each row of the table represent the total number of students, overall, who selected that option. For example, the most commonly chosen definition of BON was "an approximately equal rate of births and deaths" which was preferred by almost 27 percent of the sample. As a second choice, an additional 16.5 percent of participants selected this item. Therefore, about 43 percent of the total sample selected equal birth/death rate as consistent with what they understood "balance of nature" to mean.
The pattern of data in Table 5 supports our claim that there are varied interpretations of the BON metaphor, and that the beliefs held by the initial test group are representative of the larger educated population. That is, if there was something idiosyncratic or unusual about the definitions generated by the students in the first study, then a high percentage of participants in the second study should have selected Other as a primary or secondary response. Alternatively, if participants were reluctant to pick Other, then one might expect a more random distribution of responses. The pattern of data in Table 5 was found to be different from chance responding. Using the same expected frequency for each cell, it was found that some definitions occurred more (or less) frequently than would be expected by chance alone, for both the first choice (χ 2 (9) = 232.4, p < .0001) and the second choice (χ 2 (9) = 109.7, p < .0001). The frequency with which the Other category was selected (20 percent) may indicate there are even further ways in which this phrase is defined by the university-educated public not captured by the response choices provided. Approximately 90 percent of these students found at least one item on the list that was consistent with their understanding of the BON metaphor. Interestingly, 40 percent of the students picked an essentially empty and circular definition (i.e., "the way natural systems operate") which supports our assertion the individuals construe the "balance of nature" as either synonymous with nature or as a simplistic shorthand for how natural systems should work.
The list of causes of BON that were provided to and selected by participants is shown in Table 6 . The choices included both mechanistic and non-mechanistic causes. There was no one answer preferred by a majority of students as a first or second choice, and with response frequencies different than would be expected by chance (χ 2 (9) = 189.4, p < .0001 for the first choice and χ 2 (9) = 85.4, p < .0001 for the second choice). Although the most frequently chosen causes were mechanistic, a substantial minority (33 percent) selected a non-mechanistic cause as a first choice (and 49 percent for a second choice). Cumulatively, about 25 percent selected "the absence of disturbance." Together, these data support the idea that people think of balance as a process or quality that is inherent to natural systems (i.e., it "just happens"). Very few participants selected Other causes not listed, thereby lending support to the claim that the causes generated by students in the first study are representative. Moreover, it is unlikely that demand characteristics were at work, because choices that sounded most "scientific" (e.g., natural selection) were selected infrequently. 
General discussion
The present study was motivated by a desire to determine if the "balance of nature" is part of how the educated public understands ecological systems, and if so, to learn more about how this term is defined. Cultural ideas such as "balance of nature" or "Mother Nature" are part of the common vernacular, but it is an empirical question whether such assumptions influence reasoning about ecological systems. It is important to determine the range of conceptions that students have about the natural world for two reasons. First, if instruction is to be effective, teachers across the curriculum (K-12 and post-secondary) must know the intuitive beliefs that students bring to the classroom. Second, students become citizens who are responsible for personal and public policy decisions regarding ecological and environmental issues, and their understanding of ecological concepts may influence such decision making (Eden, 1996; Hogan, 2002; Tytler, Duggan and Gott, 2001) . Because the "balance of nature" metaphor is deeply rooted in many worldviews, but is not entirely descriptive of the functioning of ecological systems, we were specifically interested in determining how this term is defined and whether assumptions about balance are prevalent among university-educated students. Three broad conclusions can be drawn from our data. First, college students may believe that the "balance of nature" is a real phenomenon that describes ecological systems rather than a merely metaphoric or poetic description. The majority of students were characterized as having a strong belief in BON. Only one respondent explicitly doubted that the BON metaphor could be applied to real ecological systems.
Second, on the basis of the range of responses, there is clearly no one fixed idea about what the balance of nature refers to. Answers ranged from mechanistic descriptions of particular ecological processes to statements about a divinely ordered state of nature. Many responses included the idea that population number should be constant or minimally fluctuating, that species should not go extinct under "normal" conditions, and that species interactions are designed or have evolved to maintain population size and species number at some optimal state. Many students believed that balance is inherent to nature, rather than the result of some specific causal mechanism or biological interaction. The natural establishment of balance was often characterized as the result of an absence of outside factors. Documenting the range of definitions and explanations for BON is important especially in contexts in which individuals may be communicating about the effects of proposed policy decisions (e.g., the introduction of a species for the purposes of "biological control"). Given the range of definitions, the same term (BON) may be used in arguments for both sides of a debate. Third, there is preliminary evidence that students do not separate the phenomenon (i.e., BON) from the cause of that phenomenon such that there may be one representation of what it is, and what causes it (e.g., the BON is described as species interactions, but it is also caused by species interactions). This tendency may indicate that students conflate cause and effect when considering ecological relationships. Alternatively, it may be that the BON metaphor is so broad and unfixed that the same descriptors can be used to describe both the meaning and the cause. Similarly, it may be used by different individuals to refer to a state of a system, and by others to refer to some type of process. Circularity in response was also evident from the fact that many students (including science majors) appealed to "nature" as the cause of the balance of nature (e.g., "Nature causes its own balance"). Another interpretation, requiring further study, is that some individuals believe that the BON refers to the way natural systems function, for others it simply is a definition of nature, and yet for others, depending on context, BON may be invoked either as a static descriptor or as a dynamic process.
Although we considered the responses of science students before and after instruction in ecology (Study 1), we did not test the effects of a specific pedagogical intervention. On the basis of this preliminary investigation, we suggest that instructional techniques that modify students' preconceptions need to be identified and used in the classroom. For example, because of their beliefs regarding the balance of nature, students may have great difficulty in accepting that predator-prey interactions can lead to population and species extinctions, or that interactions between predator and prey may lead to large oscillations in the densities of both populations, rather than a uniform average density. In light of students' preconceptions, university educators need to use instructional techniques specifically designed to counter preconceptions about ecological systems. In a typical ecology course, there was no significant effect of instruction on the tendency to have a belief in BON. However, there was an increase in the number of mechanistic explanations. Future research needs to focus on whether students do alter their beliefs as a result of instruction, or whether it is just their vocabulary that becomes more sophisticated.
Overall, students' responses illustrate that balance of nature is a powerful metaphor that may influence the understanding of typical university-educated individuals. Beliefs about BON were prevalent among both science and non-science students, and such ideas did not significantly change with instruction in ecology. A common or fixed definition was not evident and the majority of definitions were non-mechanistic. Circularity in definitions and evidence of anthropomorphism were found.
Notes
1 It is not our intention to provide an extensive review of metaphor or theories of metaphor. We acknowledge that numerous theories exist and much scholarship has been devoted to the topic of metaphor. For examples and discussion specific to the topic of this paper, see K. Cuddington, "Math, Meaning and Metaphor in Population Ecology," unpublished master's thesis (2001), University of Guelph, Guelph, Ontario, Canada. 2 For a lengthy list of examples, see http://www.amasci.com/miscon/opphys.html
